Background: While it is recognized that psychosocial factors are important in the development and progression of musculoskeletal pain and disability, no systematic review has specifically focused on examining the relationship between psychosocial factors and knee pain. We aimed to systematically review the evidence to determine whether psychosocial factors, specifically depression, anxiety and poor mental health, are risk factors for knee pain. Methods: Electronic searches of MEDLINE, EMBASE and PsycINFO were performed to identify relevant studies published up to August 2012 using MESH terms and keywords. We included studies that met a set of predefined criteria and two independent reviewers assessed the methodological quality of the selected studies. Due to the heterogeneity of the studies, a best evidence synthesis was performed. Results: Sixteen studies were included in the review, of which 9 were considered high quality. The study populations were heterogeneous in terms of diagnosis of knee pain. We found a strong level of evidence for a relationship between depression and knee pain, limited evidence for no relationship between anxiety and knee pain, and minimal evidence for no relationship between poor mental health and knee pain. Conclusions: Despite the heterogeneity of the included studies, these data show that depression plays a significant role in knee pain, and that a biopsychosocial approach to the management of this condition is integral to optimising outcomes for knee pain.
Background
Knee pain is a widespread clinical problem, with almost half of those aged 50 and over reporting pain at the knee and 25% of these experiencing symptoms of a chronic nature [1] . The main underlying cause of knee pain is osteoarthritis (OA), a chronic joint disorder imposing significant health care burden [2] . With the advent of new methods for assessing joint structure, in particular non-invasive techniques such as magnetic resonance imaging (MRI), there has been increasing interest in factors associated with pain in knee OA. We recently showed that improvements in knee pain were associated with increased vastus medialis cross sectional area and beneficial structural changes at the knee including a reduction in loss of knee cartilage and in the rate of knee replacements [3] . While a number of factors are involved in structural change at the knee, these findings suggests that managing pain may be one factor that is important in reducing OA progression and that reducing pain may have long term structural benefits at the knee.
It is becoming increasingly evident that structural changes alone do not account for all musculoskeletal pain. Psychosocial factors have been shown to be predictors of pain and disability in a number of musculoskeletal conditions including chronic low back pain [4] and neck pain [5] . While two systematic reviews of prognostic factors for knee pain have specifically examined one or two psychosocial factors within a number of demographic, physical and patient-related factors [6] [7] [8] , no systematic review has specifically focused on examining the relationship between psychosocial factors and knee pain. Moreover, the evidence from studies of knee pain is conflicting. While several cross-sectional studies have reported no association between depression and knee pain [8, 9] , others have reported depressive symptoms to be related to pain at the knee (Salaffi et al [10] ; Wright [11] ), Understanding the relationship between psychosocial factors and pain at the knee is important if we are to optimally manage knee conditions. The aim of this review was to systematically review the literature to determine whether depression, anxiety and poor mental health are risk factors for knee pain.
Methods
A systematic review was conducted according to 2009 PRISMA statement [12] .
Data sources and search strategy
An initial search of MEDLINE, EMBASE and PsycINFO was performed to identify studies that examined the relationship between psychosocial factors and knee pain using the MeSH terms; 'knee pain' , knee osteoarthritis, ' and the keywords: 'knee' , 'osteoarthritis' , 'pain' , 'psychosocial' , 'psychosomatic' , 'psychological, ' 'psychophysiologic'. The search was limited to human studies of adults published in the English language.
The results of this search showed that there were a large number of studies in this field investigating a broad range of psychosocial factors, with a considerable number focussing on the role of depression, anxiety and general mental health. Thus, a second search was undertaken to identify studies on these three psychosocial factors. All extracted studies were independently reviewed by two reviewers (SF, PP) to identify relevant articles. Where the reviewers disagreed and could not achieve consensus, a third reviewer (DU) gave a final judgement. The reference lists of all included studies were also examined to find any additional key studies.
Inclusion and exclusion criteria
Studies were included if they examined depression, anxiety and poor mental health as potential risk factors for knee pain, or trials which investigated the effect of interventions addressing these psychological factors on knee pain. Studies on knee pain were included whether or not knee OA was specified.
Exclusion criteria: (1) Studies that did not separate knee pain from pain in other regions such as the hip and back; (2) Studies investigating the reverse outcome (i.e. the effect of pain on psychosocial health); (3) Studies that did not focus on pain at the knee; (4) Study participants who had rheumatologic conditions or other associated medical conditions affecting joints; and (5) Study populations who had undergone knee surgery.
Data extraction
Data on the characteristics of the included studies were extracted, including: (1) Study design (including cross-sectional, case-control and cohort studies, and randomised control trials); study population; number of participants; mean age and percentage of female participants; definition of OA previous knee injury; (2) Method of assessment of psychosocial factors (depression, anxiety and poor mental health); (3) Outcome measures; assessment of knee pain and (4) Study results.
Methodological quality assessment
The methodological quality of each study was assessed independently by two reviewers (JD, SF) using standard criteria adapted from Lievense et al [13] (Table 1) . These criteria allow the quality of cross-sectional, case-control and cohort studies to be assessed. Only relevant criteria for each study type were included in calculations of the total and percentage mean quality score. Scores were compared between raters and a consensus score was obtained by agreement for each study. Any study which obtained a score above the mean was considered to be of high quality.
As the Lievense et al [13] did not include criteria specific to the methodological assessment of randomised controlled trials (RCTs), the PEDro scale was used for the quality assessment of RCTs [14] . The PE-Dro scale rates 11 aspects of methodological quality of RCTs as being either absent or present ( Table 2) . As the first item (eligibility criteria) is not scored, the total score ranges from 0 to 10. Studies that obtain a score of <6 points are considered to have low quality, while those with a score ≥6 points are reported to be of high quality.
Data synthesis
Due to heterogeneity in the methodology between studies, the decision was made to use a best evidence synthesis to summarise the data (Table 3 ). Studies were ranked according to their design, with cohort studies considered to be a higher level of evidence than case control and cross-sectional studies. The level of evidence of studies was determined in conjunction with the quality score calculated for each study. Where we identified only a few high quality cross-sectional studies with consistent findings and these did not fit one of the best evidence synthesis levels of evidence (Table 3) , we described the evidence as 'minimal'.
Results

Identification and selection of the literature
Of the 755 studies that were identified from our electronic database search, 34 were potentially eligible for inclusion ( Figure 1 ). The full text of these studies was obtained and a further 18 were excluded as they examined selfmanagement practices [15] , the pain experience [16] , ethnicity [17] , musculoskeletal pain (not specifically knee pain) [18] [19] [20] [21] , walking speed [22] , whole body pain intensity [23, 24] , OA in general (not specifically knee OA) [25] [26] [27] , prediction of somatisation disorder [28] and the effect of pain on psychological health [29] . Of the three remaining studies, one was a validation study [30] , the second was a literature review [31] and the third was a RCT which assessed patients with hip and knee OA together [32] .
Characteristics of included studies
Sixteen studies were included (Table 4 ). Of these, 10 were cross-sectional [8] [9] [10] [11] [33] [34] [35] [36] [37] [38] , 1 was nested case-control study [39] , 2 were cohort studies [12, 40] and 3 were randomised controlled trials [41] [42] [43] . Nine studies were Table 2 The PEDro Scale Criteria used to assess the methodological quality of selected randomised control trials Yes No Where/ comments 1. Eligibility criteria were specified 2. Subjects were randomly allocated to groups (in a crossover study, subjects were randomly allocated an order in which treatments were received) 3. Allocation was concealed 4. The groups were similar at baseline regarding the most important prognostic indicators 5. There was blinding of all subjects 6. There was blinding of all therapists who administered the therapy 7. There was blinding of all assessors who measured at least one key outcome 8. Measures of at least one key outcome were obtained from more than 85% of the subjects initially allocated to groups 9. All subjects for whom outcome measures were available received the treatment or control condition as allocated or, where this was not the case, data for at least one key outcome was analysed by "intention to treat" 10. The results of between-group statistical comparisons are reported for at least one key outcome 11. The study provides both point measures and measures of variability for at least one key outcome TOTAL (checked excluding eligibility criteria specified):
undertaken in the USA [8, 11, 34, 35, 38, [40] [41] [42] 44] , 1 in the Netherlands [9] , 2 in England [33, 39] , and 1 each in Italy [10] , Egypt [43] , New Zealand [36] , and Japan [37] .
Participants were recruited or participant data were obtained from: outpatient and rehabilitation clinics in 7 studies [8, 10, 34, [40] [41] [42] [43] , GP clinics in 2 studies [9, 33] , previous studies, including the Baltimore Longitudinal Study of Aging (community-based), NHANES survey, KNEE study, and the Clinical Assessment Study of the Knee, in 4 studies [11, 35, 38, 39] , various occupational groups including nurses, postal and office workers, sales/ marketing personnel and transportation operatives in 2 studies [36, 37] and community and teaching hospitals in 1 study [44] . The mean age of the subjects ranged from 29.0 to 69.3 years with the percentage of females varying from 32 to 100 percent. One study excluded participants due to previous injury [40] and 6 studies as a result of previous surgery [11, 34, [39] [40] [41] [42] .
Diagnosis of OA in study participants
Various methods were used to identify OA in participants. Of the 10 studies that specified how the diagnosis of OA was confirmed; 8 studies used criteria specified by the American College of Rheumatology [8] [9] [10] [11] 34, [41] [42] [43] , 1 used x-rays graded according to the modified Kellgren/Lawrence score [44] , and 1 used their own four point radiographic assessment score [38] .
Assessment of pain
A number of scales were used to assess pain. The most common scales used were; the Western Ontario and McMaster Universities Arthritis Index (WOMAC) in 7 studies [11, 34, 39, [41] [42] [43] [44] , the Visual Analogue Scale in 4 
Assessment of psychosocial factors
The assessment of depression, anxiety and general mental health was performed using a variety of methods. Depression was assessed by 7 different methods, including the Centre for Epidemiological Studies Depression scales [11, 34, 44] , Hospital Anxiety and Depression Scale [39, 41, 42] and Arthritis Impact Measurement Scales [8, 35] . Anxiety was assessed using 5 different scales across 6 studies; Arthritis Impact Measurement Scales (both English and Dutch version) [9, 35] , Hospital Anxiety and Depression Scale [39] , Beck Anxiety Index [40] , Zung Anxiety Inventory [10] , and the State-Trait Anxiety Inventory [34] . General mental health was assessed using 3 different questionnaires; the Short Form-36 [33] [37] the Mental Health Inventory [36] and the NHANES General Wellbeing Index [38] .
Methodological quality assessment
The mean methodological quality score of the included observational studies was 67%, with scores ranging from 45% to 92% Additional file 1. Six of the 13 observational studies were considered to be of high quality (according to the Lievense criteria), as they were given a quality score above the mean. All three of the RCTs were considered high quality as they scored greater than 6 on the PEDro scale.
Analysis of the quality scores and criteria revealed that most studies achieved high scores on selection of participants with disease at uniform point (criteria 1), identical assessment of outcome (criteria 9), sufficient description of baseline characteristics (criteria 5), analysis technique (criteria 15), and adjustment for age and sex (criteria 16). However, a number of studies scored poorly on blinded assessment of the psychosocial risk factor (criteria 6), assessment of the risk factor prior to outcome (criteria 8) and reproducible assessment of outcome (criteria 10). Only 5 studies used prospective designs and of these, 2 were cohort studies and 3 were RCTs.
Relationship between depression and knee pain
Six cross-sectional studies [8] [9] [10] [11] 34, 35] , one nested casecontrol study [39] , one longitudinal study [44] , and three RCTs assessed the relationship between depression and knee pain [41] [42] [43] (Table 5) .
Of the 6 cross-sectional studies, only one was considered high quality. The high quality study found a significant association between knee pain and depressive symptoms (r= 0.21, p < 0.01) [11] . Of the 5 low quality studies [8, 10, 34, 35] , only 1 study found a significant association between depression and knee pain (r= 0.41, p < 0.01) [38] .
The nested case-control study, which was of high quality, found that substantial deterioration of knee pain was accompanied by higher frequency of depressive symptoms among cases (those participants experiencing progression of pain intensity from mild to severe) compared to controls (those not experiencing progression of pain) [39] . The single longitudinal cohort study was also of high quality and found the presence of baseline depressive symptoms was the most consistent psychological predictor of worsening pain over the follow up period (Coefficient (95% CI): 0.59 (0.18, 1.01), p= 0.05) [44] .
The three RCTs, all rated as high quality, examined the effect of SNRI (Serotonin Noradrenalin Reuptake Inhibitor) antidepressant on change in pain intensity among knee OA patients [41] [42] [43] . All showed that treatment with antidepressant medication was associated with significant pain reduction and that SNRI antidepressants (duloxetine) reduced pain compared to placebo. One RCT [43] showed that older adults with knee OA treated for 16 weeks with duloxetine (SNRI) had significantly greater pain reduction than those treated with placebo. Subgroup analyses of two of the trials showed that the duration of pain and severity of OA did not affect the efficacy of treatment [41, 42] .
Relationship between anxiety and knee pain
Of the 6 studies that examined the relationship between anxiety and knee pain, 4 were cross-sectional studies [9, 10, 34, 35] , one was a nested case-control study [39] and one was a longitudinal cohort study [40] (Table 6 ). The cross-sectional studies were of low quality, while the nested case-control study [39] and the longitudinal cohort study [40] were of high quality. The low quality cross-sectional studies reported mixed results [9, 10, 34, 35] , while the high quality studies reported no significant association between anxiety and knee pain [39, 40] .
Relationship between poor mental health and knee pain
Of the 4 cross-sectional studies examining the relationship between poor mental health and knee pain [33, [36] [37] [38] , 2 were of high quality [36, 37] (Table 7) . In contrast to the low quality studies that found a significant association between poor mental health and knee pain, both high quality studies found no significant association.
Best evidence synthesis
Due to the heterogeneity of the study designs, a best evidence synthesis was performed using studies classified as being of high quality. A study was considered to be of high quality if the methodological quality score was greater than 67%. Cross-sectional Arthritis Impact Measurement Scales (AIMS) Questionnaire: (Anxiety subscale) Pain on most days for at least one month (NHANES-1)
Women reporting having knee pain had higher anxiety than those reporting never having knee pain (3.06 ± 0.26 vs 2.35 ± 0.17, p= 0.025).
Anxiety was associated with pain in women, but not men.
55
Pain reporting was not related to anxiety in men (data not shown).
Women reporting knee pain, in the absence of radiographic osteoarthritis, had higher anxiety scores than those without pain. Analysis stratified by radiographic severity. It showed that differences in anxiety were confined to subjects reporting knee pain in the absence of radiographic change (i.e., KL grade 0) (statistics not available).
Creamer (1999)
Cross 
Depression and knee pain
One cross-sectional study, one nested case-control study, one longitudinal study and three RCTs were found to be of high quality. All of these high quality studies reported a significant association between depression and knee pain and thus there is strong evidence for this relationship.
(level of evidence: strong).
Anxiety and knee pain
A nested case control study and longitudinal cohort study, both of high quality, found no association between anxiety and knee pain. Thus we conclude that there is evidence for no association between anxiety and knee pain (level of evidence: limited).
Poor mental health and knee pain
While there were four cross-sectional studies that examined the relationship between poor mental health and knee pain, only two were of high quality and both of these found no evidence of a relationship between poor mental health and knee pain. Thus there is evidence for no relationship between poor mental health and knee pain (level of evidence: minimal).
Discussion
In this systematic review we found strong evidence for a relationship between depression and knee pain, limited evidence that there is no association between anxiety and knee pain and minimal evidence suggesting there is no relationship between poor mental health and knee pain. These results highlight the important role of psychological functioning in knee pain and the need for a biopsychosocial approach to the management of this disabling condition. We found strong evidence for a positive association between depression and knee pain in adults. This included evidence from 3 RCTs that showed treatment with antidepressant medication was associated with significant pain reduction. The emerging evidence on pathogenesis of depression suggests that it is associated with dysfunction in the inflammatory cytokine production as a response to stressors [45] , dysregulation of autonomic nervous system [46, 47] and destabilising effect on hypothalamic-pituitary-adrenal axis [48] . Each of these mechanisms also contributes to the provocation of chronic pain syndrome [46, 49, 50] . In addition, the noradrenaline and serotonin neurotransmitters, which are involved in the pathophysiology of depression [46] , have been shown to have significant roles in endogenous pain inhibitory pathways [51, 52] . These findings indicate that physiological similarities exist between depression and chronic pain [47] . Another explanation for the association between depression and knee pain may be via reduced physical activity which could be due to either fear of pain [53] or as a consequence of depression [54] . The resulting muscle wasting and reduced joint stability resulting from less activity may have a negative effect on function and disease outcomes of OA [55, 56] .
Although there was strong evidence for a relationship between depression and knee pain, we found limited evidence for no association between anxiety and knee pain. A major limitation in examining these studies is the lack of longitudinal data, with only one high quality longitudinal study and one nested case-control study examining the relationship between anxiety and knee pain. Further investigation to understand the relationship between anxiety and knee pain is needed as recent work suggests that higher anxiety is related to poorer function in patients with knee OA [53, 57] and relationships between anxiety and pain exist in older community-based adults, which are both longitudinal and reciprocal in nature [58] .
There was minimal evidence for no relationship between poor mental health and knee pain based on two high quality cross-sectional studies. These findings contrast to those of depression, where there was strong evidence for a relationship between depressive symptoms and knee pain, and may have resulted from the use of generic measures to measure mental health compared to the specific instruments used to assess depression. Our finding is consistent with a previous systematic review which also found minimal evidence that better mental health is protective of knee pain in those with knee OA [6] . Understanding the role of general mental health on knee pain continues to be limited by the absence of cohort studies and RCTs, as well as the paucity of high quality data. Further investigation is needed.
Knee pain results in significant disability and a substantial reduction in quality of life [59, 60] . Although knee structural abnormalities are associated with knee pain, it is clear that structure alone does not account for knee pain. It has been suggested that psychosocial factors may play an important role in knee pain. However, previous systematic reviews have only found limited evidence for relationships between both depression and poor mental health and knee symptoms [6, 7] . Our systematic review, which is the first to our knowledge to focus on the role of psychosocial factors in knee pain, found that depression has an important role in knee pain. Specifically, the three RCTs of depression found that the treatment with the antidepressant duloxetine resulted in a significant reduction in knee pain [41] [42] [43] and is 'proof of concept' that depression has an important role in knee pain. While pharmacological interventions, such as antidepressants may be important in the management of knee pain, non-pharmacological strategies, including cognitive behavioural therapy, may also play a significant role. Future research, particularly in the form of RCTs, is needed to examine the effectiveness of nonpharmacological treatment options for reducing depression in the treatment of knee pain.
There are several limitations in undertaking this review. Examining the role of psychosocial factors in knee pain is complex and preliminary searches identified a particularly large number of studies examining a variety of psychosocial factors. We were therefore required to narrow our review to depression, anxiety and general mental health, closely related psychological constructs, which means that there are psychosocial factors that are potentially important in the development of knee pain that we have not investigated. Moreover, while depression, anxiety and general mental health were considered separately and could not be combined due to measurement factors, it is important to note that there is potential overlap between these psychosocial factors. Moreover, we were not able to perform a meta-analysis to summarize our results due to the heterogeneity of the studies included in this review, and therefore, a best-evidence synthesis was performed. Another limitation was the lack of high quality cohort and RCTs investigating poor mental health and anxiety as risk factors for knee pain. The majority of studies in this review were crosssectional or case-control studies which limited the quality of the evidence. Another methodological issue identified was the lack of double-blinded assessment of participants which reduced the quality of the data. Furthermore, there was significant heterogeneity in terms of the instruments used to assess the psychological factors.
Conclusions
This systematic review found that psychological functioning plays an important role in knee pain, with strong evidence for depression being associated with knee pain. We also found limited evidence for anxiety having no relationship with knee pain and minimal evidence for no relationship between poor mental health and knee pain. This review highlights the need for a biopsychosocial approach, in particular addressing psychosocial factors such as depression, in optimising outcomes for knee pain. This is important given the increasing understanding of the complexity of knee pain and potential complications arising from many of the treatments in current use. A holistic approach to managing knee pain has the potential to improve patient outcomes.
